A method has been described for testing multiple food samples for Salmo-nella without loss in sensitivity. The method pools multiple pre-enrichment broth cultures into single enrichment broths. The subsequent stages of the Salmonella analysis are not altered. The method was found applicable to several dry food materials including nonfat dry milk, dried egg albumin, cocoa, cottonseed flour, wheat flour, and shredded coconut. As many as 25 pre-enrichment broth cultures were pooled without apparent loss in the sensitivity of Salmonella detection as compared to individual sample analysis. The procedure offers a simple, yet effective, way to increase sample capacity in the Salmonella testing of foods, particularly where a large proportion of samples ordinarily is negative. It also permits small portions of pre-enrichment broth cultures to be retained for subsequent individual analysis if positive tests are found.
Positive test results are relatively rare among the many samples of food ingredients and products which are analyzed for Salmonella. Therefore, a test procedure that gives a single negative answer for many negative samples offers an important saving in the analytical effort required for quality control. These studies support the conclusion that Salmonella pre-enrichment broths can be pooled for analysis without loss in sensitivity to Salmonella in the individual samples.
MATERIALS AND METHODS
Salmonella analyses were carried out as described in the Bacteriological Analytical Manual (BAM) (2) except for the pooling of pre-enrichment broths described in the following paragraph.
The procedure for Salmonella testing of pooled pre-enrichment broths is illustrated in Fig. 1 . Samples are individually pre-enriched followed by transfer from multiple pre-enrichments to single seleni'e and tetrathionate broths at the enrichment stage. During pooling, a portion of each pre-enrichment is transferred to a sterile culture tube and retained at 4 C for later reference to the individual samples. If the Salmonella test of the pooled preenrichment broths is positive, individual tests on the retained samples can be made to determine which sample or samples contributed Salmonella to the pool.
Pre-enrichment broths consisted of 0.5% lactose broth for all foods except nonfat dry milk, for which sterile distilled water containing 0.002% Brilliant Green was employed.
Salmonella-positive test samples were prepared by blending the dry test food with one of three dry inocula. Inoculum 1 was a dry enzyme drain cleaner which had been found to contain multiple Salmonella serotypes including E,,z1o; Gz19 (S. cubana); and C, g complex. Inoculum 2 was a freeze-dried, skim milk suspension of serotypes S. anatum, S. binza, S. tennessee, S. Worthington, S. cabana, S.
braenderup, and a B1,g complex. Inoculum 3 consisted of four laboratory isolates of serotypes G,z,, (S. cabana); E1,b; E1,l complex; and C1,l complex grown in a sterile aqueous suspension of cottonseed flour and freeze dried.
RESULTS AND DISCUSSION Dried egg albumen, cocoa, and nonfat dry milk were inoculated with inoculum 1 at levels ranging from 6 salmonellae per 100 g to 3,000 salmonellae per g. Pre-enrichment broths of the Salmonella-inoculated samples were analyzed both individually and after pooling with 5, 9, and 14 pre-enrichments of uninoculated 
The most-probable-number estimate (1) of the original Salmonella inoculum (inoculum 1 containing serotypes Ezlo; G,z29; and C,g complex) was 93,000/g with 95% confidence limits ranging from 15,000 to 380,000/g. The inoculation level represents a suitable dilution of inoculum 1, into an otherwise Salmonellanegative sample, to provide the levels as shown.
b Abbreviations: P, positive sample inoculated with naturally contaminated dry enzyme drain cleaner; N, negative (uninoculated) sample; +, Salmonella recovery positive; -, Salmonella recovery negative.
samples. The positive inoculated samples were detected in pooled pre-enrichment broth cultures as effectively as when they were analyzed individually ( ing samples. In addition, pre-enrichment pooling . lded positives at lower levels of inocula-'on. Similar results were found in tests with -almonella-inoculated cocoa, shredded coconut, and wheat flour.
The pooling of broth cultures permits small portions of each individual culture to be retained for subsequent analysis if a positive test is detected following enrichment, thus maintaining the individuality of each test sample. On the other hand, the direct pooling of food samples into pre-enrichment results in the loss of individual sample identity.
Number of isolates examined. Two or more colonies are picked from each positive selective plate for biochemical and serological testing by the BAM Salmonella method (2) to increase the chances of detecting Salmonella.
By following this procedure, 180 isolates could be tested if 15 samples were tested individually, whereas only 12 isolates could be tested at the same rate of picking from a pool of 15 samples.
To Effect of volume of pre-enrichment broth transferred. The BAM method (2) for Salmonella detection in egg products calls for the transfer of 1 ml of pre-enrichment broth culture to 10 ml of enrichment broth. In the multiple pooling of pre-enrichment broth cultures that has been described, 1-ml quantities of cultures were transferred, generally, to a volume of enrichment broth determined by the number of samples to be pooled to maintain a fixed pre-enrichment-to-enrichment ratio. Thus, 150 ml of enrichment broth was used to receive 15 1-ml poolings, 100 ml for 10 1-ml poolings, etc. However, for routine laboratory operations, it is more desirable to dispense enrichment broth at a constant volume. Since the number of samples to be pooled may vary considerably from time to time, it is important to know whether variations in enrichment ratio would significantly affect the detection of Salmonella.
Accordingly, a study was undertaken to test the effect of 1/10, 1/50, and 1/100 enrichment ratios on the recovery of Salmonella in inoculated food systems. The study included evaluation for both pooled samples and pooled pre- No significant differences in detection were noted among the three ratios tested as measured by the chi-square test and the test for linear trend. The tentative conclusion drawn is that the enrichment ratio over the range investigated and for the food samples tested (nonfat dry milk, dry egg albumin, and cocoa) was not critical to Salmonella detection.
We have also examined the effect of 1-ml and 2-ml transfer volumes of the pre-enrichment cultures on Salmonella detection and found no significant differences in recoveries. This finding has prompted the standard use of a 1-ml transfer for routine Salmonella analyses.
LITERATURE CITED
